In this research, a novel method to investigation the transient heat transfer coefficient in a channel is suggested experimentally, in which the water flow, itself, is considered both just liquid phase and liquidvapor phase. The experiments were designed to predict the temporal and spatial resolution of Nusselt number. The inverse technique method is non-intrusive, in which time history of temperature is measured, using some thermocouples within the wall to provide input data for the inverse algorithm. The conjugate gradient method is used mostly as an inverse method. The temporal and spatial changes of heat flux, Nusselt number, vapor quality, convection number, and boiling number have all been estimated, showing that the estimated local Nusselt numbers of flow for without and with phase change are close to those predicted from the correlations of Churchill and Ozoe (1973) and Kandlikar (1990) , respectively. This study suggests that the extended inverse technique can be successfully utilized to calculate the local time-dependent heat transfer coefficient of boiling flow.
Introduction
Boiling flow of a tube takes place in a variety of equipment such as power plants (steam, solar, and cooling), chemical industries, refrigeration, and air conditioning systems, rendering accurate knowledge of this phenomenon important. In a two-phase flow, the relative distribution of the liquid phase and gas in the tube flow is required to describe the flow. The pattern of boiling flow in the horizontal and vertical pipes is similar. Their difference lies only in the effect of gravity on the flow, which tends to remain liquid and gas in the down and above of the channel, respectively.
Many works have been conducted on different criteria of boiling [1] [2] [3] .
Tibiriça and Ribatski [4] performed experimental tests to study boiling heat transfer of R245a in a tube. Bodhal [5] studied bubbly boiling flow regime in the channel and determined its wavy character. In the rectangular narrow channel, Kim and Mudawar [6] found out that in addition to the convection, nucleate boiling has a considerable result in the boiling heat transfer. Boiling heat transfer of hydrocarbon fluids in a vertical tube is experimentally studied by Wadekar [7] . He observed pressure drop had been affected by subcooled boiling in the region where almost the relative distribution of gas to liquid is close to zero. Aria et al. [8] investigated experimentally heat transfer of R-134a boiling inside a spiral coiled pipe and realized that when the tube changes from straight to spiral, as well as the pressure drop, heat transfer is also increased. In addition, there have been extensive research to understand the effect from adding nanoparticles: Al2O3 water [9] , CuO water [10] , and Ag water [11] to fluids in boiling flow. Boudouh et al. [12] studied the boiling flow with nanofluid in mini channel, finding out that Nusselt number and vapor quality increased with nanofluid, in comparison to the base fluid. Chehade et al. [13] investigated boiling thermal efficiency of silver nanoparticle in water flow in micro channel. They used two series of thermocouples in 0.5mm and 8.5mm from the internal surface channel and calculated local heat flux by means of measured temperature and Fourier Law. They found out that boiling heat transfer in the channel entrance was more enhanced. Huang et al. [14] studied transient thermal analysis of electronic tools under a variable heat flux in a multi-micro-channel evaporator. They considered two and three-dimensional thermal models. Nonetheless, very few works have been performed, dedicated to the local time-dependent changes of the Nusselt number and the quality of vapor.
Therefore, it is important to attempt understanding thermal phenomena such as boiling flow.
Keeping these in mind, an inverse method has been developed to estimate time history of local heat flux input into the fluids in a rectangular channel. The objective in the inverse problem is to predict the unknown using the temperatures measured within the body. These unknowns [15] can be temperature, thermal flux, thermal properties, heat source or part of the body's geometry and inverse design [16] .The measured temperature data are with noise, while inverse heat conduction problems are sensitive to noise. Thus, these problems are ill-posed.
Regularization techniques are utilized to alleviate this problem [17] [18] [19] . The inverse problem of predicting heat flux is a linear problem. One of the regularization methods [20] is the conjugate gradient method. Farahani and Kowsary [21] estimated local Nusselt number in mini-channel numerically, utilizing the inverse technique. Giedt [22] investigated variations in the Nusselt number of the airflow perpendicular to a cylinder using an inverse technique. Abia and Yamazkai [23] conducted an experiment to investigate changes in heat transfer using an inverse method in a series of cylinders exposed to airflow. Taler [24] predicted the values of the Nusselt number on the pipe circumference by using inverse method.
The heat transfer in the twisted pipes is investigated using the inverse technique, in the fully developed laminar flow by Borzoi et al. [25] and in the transitional regime by Cattani et al. [26] .
Rouizi et al. [27] predicted the bulk temperature in a mini channel using two inverse techniques.
Closer examination of the boiling phenomenon needs to find a precise distribution of heat flux on the channel's surface. To achieve this goal, the inverse technique has been proposed in this study.
This method, a non-intrusive one, which is based on conjugate gradient technique, has been utilized to predict heat flux into the fluids on heat exchange surface, using K-type thermocouples, inserted in specific locations within the channel, to measure time history of the temperatures, therefore, it provides inputs for the inverse procedure. For solving the heat equation, the finite element technique in ANSYS commercial software has been utilized with inverse algorithm code, written in ANSYS parametric design language (APDL). The flow with and without phase change is considered in the channel for investigation. Transient two-dimensional thermal model is utilized to study the heat flux, surface temperature, Nusselt number, vapor quality, convection number, and boiling number.
Test Set up
A plan of the test set up in this research is illustrated in figure1. The fluid in the tank is pumped and the impurities are separated from the fluid by a filter and a regulating valve is employed to set the mass flux. The uncertainty in the measured flow rate is 5%. In the flow with phase change, Outflow from the test section is in the two -phase state and before returning to the tank, the heat exchanger cools the working fluid and become liquid. Table 1 shows the uncertainty associated with measurement of devices, such as flow meters, thermocouples, heater power, and machining. Applying the proposed method in [28] , it is estimated that the general uncertainty for measuring Nusselt numbers is within the range of 5.8 ± 0.8%.
Table.1 The error source

Error source Bias
Thermocouple 0.1°C
Flow meter 5%
Heater power 1%
Machining process 0.02mm
Problem Description
The conjugate gradient technique has been employed to predict heat fluxes into the fluid in a rectangular channel. The channel is made of AISI 313. The heat flux is equal to the heater power.
Temporal and spatial variations of heat flux and surface temperature at y=E is unknown. It has been assumed that the loss of heat is negligible with the governing equation of the plate [20] , written as:
Where , L, E, and are the initial temperature, length and thickness of plate, and heater power, respectively. ( ‚ ) is unknown; thus instead of the heat flux, the measured temperatures by the thermocouples are available from the experimental test. The temperature of the channel wall is affected by the changes in the Nusselt number. We used this matter and solved the problem to predict indirectly the convective heat transfer coefficient (h). First, the ( ‚ ) is estimated and then ℎ is estimated by using Newton's cooling law and estimated ( ‚ ). Thus, we modeled the heat conduction equation (equation (1)) in the channel wall and convection term has appeared in the boundary condition. This term is unknown. The measured data contains information about ℎ, which can be achieved by decoding method. The conjugate gradient method as the inverse technique has been used to retrieve this information. The temperatures are measured inside the plate using the thermocouples. These measurements are as input in the inverse technique. The most important point of this technique is that no information is required from the fluid flow field. In order that heat equation solving, the Finite-Element Method has been used in ANSYS software.
In the direct thermal problems, all boundary conditions and material properties (Table 2) are known. Table 3 shows the location of thermocouples within the plate. The inverse method, conjugated gradient method (CGM), estimates the ( ‚ ), using the temperatures are recorded from specified positions in the plate. The details of the CGM algorithm has been presented in pervious author's work [20] , thus they will not be brought here. The inverse method employs a parameter, called the sensitivity coefficient, in fact indicating the temperature sensitivity of the unknown parameter. The sensitivity coefficient [16] is calculated as:
where xm and ym are the sensor location within the channel wall, and P is the number of sensors.
It must be noticed that the number of unknowns should be smaller or equal to the number of thermocouples in IHCP [15] . No functions have been employed to predict the heat flux components. One of the principles of inverse heat transfer is that we have no knowledge about the unknowns. The flow chart of which is illustrated in Figure 3 , showing the iterative procedure for an inverse method. In this study utilizes seven thermocouples. At least one thermocouple is required to estimate each heat flux component in IHCP [20] . In order to describe heat flux on the heat exchange surface, this study estimates seven parameters, q1, q2…, and q7 which vary with time. Error analysis is done to determine the accuracy of the proposed algorithm. As such, this analysis is performed, considering AISI304 as plate material and = . Moreover, a known heat flux at the heat exchange surface (i.e. ) and initial work piece temperature of 25°C. 
Where noisydata i q , is the predicted heat flux. Bias error [16] is because of the regularization method and can be calculated as follows.
In which nonoise i q , is estimated using temperatures with = 0.The inverse method's sensitivity to the measurement errors in the data is called the variance error [16] and can be calculated as:
For better comparison, the errors have the same scale, hence the second root of the variance is used here. It is necessary for every experimental test that an experimental design should be carried out. This work is also done in this study. In the inverse problem, it is quite clear that the sensors should be closer to the active surface (i.e. boiling surface) and the accuracy of this approach is higher due to the high sensitivity coefficient. In this experiment, the temperature sensors were located at = − 0.5 due to the precision of the machining equipment. In IHCP [21] [22] , a small time step causes an increase in the variance error and a very large time step increases the bias error. We are looking for a suitable time step that the RMS error is low and we can reach more details about the unknown parameter over time. The time step is determined according to the RMS. The time step is considered 0.01s, 0.05s, 0.1sand 0.5s and using the numerical simulation experiments, the error is calculated and is equal to values 0.8qmean,0.05qmean ,0.069qmean and 0.072qmean, respectively. According to the results, 0.1 seconds is selected. It should be noted that the smallness of the sensitivity coefficient has a direct effect on the increase of RMS error. Table 4 presents the error analysis for estimated heat flux on the heat exchange surface. Results
show that the proposed method has a low error, estimating heat flux. This error is almost 0.06 qmean. In the proposed method, firstly the ( ‚ )is predicted and then, using Newton's cooling law, ℎ is calculated; therefore, the ℎ is estimated indirectly. The proposed algorithm is simple and easy to use, with its results showing it has a good accuracy. 
Results
The ℎ ( , )is calculated using the ) , ( t x q , itself estimated by the inverse method( ( , ))and the calculated local surface temperature ( ( , ))as follows as:
Where ( , )is the bulk temperature and is calculated, using the energy balance equation:
In which q and Ts are estimated through solving IHCP, is channel height, and channel width. The heat transfer coefficient( ) [2] is specified as follow as:
This study investigates ℎ( , )for flow with and without phase change. Several experiments were tested in this study. Considering the number of thermocouples and time-steps, millions of temperatures were acquired as raw data, which we couldn't present here. 
Single-Phase Flow
The effect of changes on ( . )in the single-phase flow has been studied. 
For all Gz, this equation agrees within 5% error in developing flow and 3.5% error developed flow for Pr=0.7 and Pr=10 [29] . In calculating the Nusselt number for non-circular cross sections, a ). This correction [30] is done using the coefficient of = (( ℎ 2 )/4)/ . Based on the modification of obtained extracted from Eq. (9), it could be rephrased as [30] :
The importance of β can be seen in Equation (10) . Also, Figure ( for Re=770, 1165 and 1800 is given in Table 6 . The relative deviation is about 2%. Quite obviously, the reason for the deviations is the method for the prediction of the . Table 6 shows where the predicted values fully agree with equation (10) . The mentioned method has a good accuracy to estimate heat transfer coefficient. It shows that the proposed method can successfully estimate Nusselt number for flow without phase change. Figure 7shows time variations of the estimated ( , )on the heat exchange surface for G=234kg/(m 2 s). Nusselt number for boiling flow is calculated using equation (6), in which ( . )will be equal to saturation temperature, .
Table6
Mean deviation between the estimated Nu and calculated Nu from Equation(10)
Re=1165
Re=1800 Re=770
Equation ( Where Nusp is Nusselt number in the single-phase state and is calculated by assuming that all flow inside the channel is liquid and Co is the convection number, defined by [31] :
In which . .
are the local vapor quality, the density of liquid and vapor, respectively.
On average, the deviation of this equation for water and all the refrigerants is about 15.9% and 18.8%, respectively [31] . In order to specify the quality of vapor, the energy equilibrium equation
for every section between the input and the output is employed. The vapor mass qualities [31] is calculated as: Figure 8a shows the time-averaged Nu decreases with increasing and the experimental results are close to the predictions of Kandlikar [31] . 
